Radioaktivna kontaminacija lanca ishrane u okolini rudnika uglja i termoelektrana na ugalj by Vitorović, Gordana et al.
RA DIO AC TIVE  CON TAM I NA TION  OF  FOOD  CHAIN
AROUND  COAL  MINE  AND  COAL-FIRED  POWER  STA TIONS
by
Gordana S. VITOROVI] 1*, Branislava M. MITROVI] 1, Velibor Dj. ANDRI] 1,
Mirjana D. STOJANOVI] 2, Mirjana V. LAZAREVI]-MACANOVI]1,
and Duško P. VITOROVI] 3
1De part ment of Ra di ol ogy and Ra di a tion Hy giene, Fac ulty of Vet er i nary Med i cine, Uni ver sity of Bel grade,
Bel grade, Ser bia
2In sti tute for Tech nol ogy of Nu clear and other Min eral Raw Ma te ri als, Bel grade, Ser bia
3In sti tute of An i mal Sci ences, Fac ulty of Ag ri cul ture, Uni ver sity of Bel grade, Bel grade, Ser bia
Short  pa per
DOI: 10.2298/NTRP1204388V
The main aim of this study was to in ves ti gate the im pact of the coal mine in Lazarevac, and the
coal-fired power sta tions in Obrenovac, on the ac tiv ity con cen tra tions of radionuclides 40K,
238U, 232Th, and 137Cs in some parts of hu man food chain of peo ple liv ing in the sur round ing
area. The ob tained re sults showed that nat u ral en vi ron ment around the ex am ined coal mine
and the coal-fired power sta tions are not sig nif i cantly af fected by the emis sion of pri mor dial
radionuclides. The ac tiv ity con cen tra tions of 238U in the soil around the open coal mine and
the coal pro cess ing in stal la tions (66.4-76.0 Bq/kg) and in the soil around the coal-fired
power sta tions (55.5-61.2 Bq/kg) were not sig nif i cantly higher than the av er age val ues in Ser -
bia. The sig nif i cant in crease in the ac tiv ity con cen tra tions of nat u ral ra dio iso topes in the sam -
ples of soil, veg e ta tion, and an i mal prod ucts, was not con firmed. Food of an i mal or i gin used
in hu man con sump tion is safe, i. e. not con tam i nated by ra di a tion.
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IN TRO DUC TION
World wide use of nu clear en ergy, coal com -
bus tion, pro duc tion and ap pli ca tion of phos pho rus
fer til iz ers, min ing in dus try and ra dio ac tive waste
pro duc tion, all con trib ute to dis tri bu tion of nat u ral
ra dio ac tiv ity [1].
En ergy pro duc tion from coal is one of the ma jor
sources of in creased ex po sure of man to ar ti fi cially
per turbed nat u ral ra dio ac tiv ity. Coal con tains trace
quan ti ties of all pri mor dial radionuclides and their de -
cay prod ucts, in par tic u lar 40K and the de cay se ries
headed by 232Th and 238U. The ra dio ac tiv ity in coal is
com pa ra ble with that in other en vi ron men tal ma te ri -
als. How ever, all the stages of the coal fuel cy cle in -
clud ing min ing, combusting, and uti li za tion or dis -
posal of ash, cause mi nor per tur ba tion of the nat u ral
ra di a tion. The ra dio ac tive con tam i na tion of the en vi -
ron ment from the above source, is ex pected to be con -
cen trated around the cen tres of ex trac tion and uti li za -
tion of coal [2, 3]. The prob lem as so ci ated with the use
of coal is very high ash con tent. There fore, the prob -
lem for the fu ture  should be ad dressed from ra -
dio-eco log i cal and pol lu tion points of view [4].
 Coal-fired power sta tion spreads around the pol -
lu tion and moves the ra dio iso topes to lo cal eco sys tem
at a dis tance of sev eral kilo metres [5]. Dust emit ted to
the at mo sphere by the coal-fired power sta tion is a dan -
ger ous and se ri ous prob lem for the en vi ron ment [6].
How ever, the sig nif i cant in crease in the ac tiv ity con -
cen tra tions of nat u ral ra dio iso topes in the sam ples of
air, soil or veg e ta tion have not been de tected ex per i -
men tally, nor even in the ter ri to ries sur round ing
coal-fired power plants. In gen eral, the ac tiv ity con cen -
tra tions of pri mor dial ra dio iso topes in coal are of the
same or der as those in com mon rock and soils, on av er -
age 35 Bq/kg for 238U [7]. Oc ca sion ally, a high con cen -
tra tion of ura nium can be found in coal. Min ing and uti -
li za tion of uraniferous coal re sulted in con sid er ably
el e vated ac tiv ity con cen tra tion of 238U, 226Ra in the soil, 
through the de po si tion of fly ash and slag. It was doc u -
mented that the soil around a coal-fired plant can be
con tam i nated with a mea sur able amount of ra dio ac tiv -
ity [8, 9]. The ac tiv i ties of nat u ral radionuclides, which
are dis charged to the at mo sphere from a coal-fired
power plant de pend on a num ber of fac tors. One of
them is the ef fi ciency of the fil ter ing sys tem.
The main path ways through which the pop u la -
tion liv ing in the vi cin ity of a coal-power plant, are ex -
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posed to the en hanced level of nat u ral radionuclides
are in ha la tion and in ges tion, fol low ing de po si tion of
the ac tiv ity on the ground. There fore, the ac tiv ity con -
cen tra tions of radionuclides in the soil and food chain
should be ex am ined. The re sults of our pre vi ous re -
search [10], dur ing years 2007 and 2008 showed that
the sam ples of feed stuffs, an i mal prod ucts, and meat
of wild an i mals from nat u ral en vi ron ment around Bel -
grade, where the most food for hu man con sump tion
orig i nates from, are safe for hu man con sump tion re -
gard ing ra dio ac tiv ity.
The aim of this pa per was to de ter mine the ac tiv -
ity con cen tra tion of radionuclides 40K, 238U, 232Th,
and 137Cs in the sam ples of soil, feed stuffs and an i mal
prod ucts col lected from the peo ple liv ing on the ter ri -
tory around the coal mine in Lazarevac and the
coal-fired power plants in Obrenovac.
MA TE RI ALS AND METH ODS
The sam ples were col lected dur ing 2011 in the
area of three re gions ([opi}i, Stepojevac, and Vreoci)
in the vi cin ity of Lazarevac open coal mine and the in -
stal la tion for coal pro cess ing (wash ing, dry ing etc.),
and in the area of two lo ca tions (Konatica and U{}e)
around Obrenovac, in the vi cin ity of  the coal-fired
power plants.
From all these sites, 3 sam ples of each sam pling 
type were taken for anal y sis. The soil sam ples, in
amount of 3 to 5 kg were col lected from a depth of
10-29 cm, ho mog e nized, dried at the tem per a ture of
105 ºC and put in 1 L Marinelli beak ers. The feed -
stuffs (al falfa and maize) sam ples were col lected,
dried at air tem per a ture, ground and put in 1 L
Marinelli beak ers. The sam ples of milk, cheese,
meat, and eggs were col lected and put in 1 L Marinelli 
beak ers in fresh weight.
All the sam ples were kept for 40 days prior to
mea sure ments, in or der to achieve a ra dio ac tive equi -
lib rium.
Radionuclides ac tiv ity con cen tra tion was de ter -
mined by gamma spec tro met ric mea sure ment on
HPGe de tec tor (ORTEC, USA), with rel a tive ef fi -
ciency of 30% and en ergy res o lu tion of 1.85 keV
(1332.5 60Co). Ra dio ac tive mea sure ments were per -
formed ac cord ing to the pro ce dure de scribed in our
pre vi ous work [11].
All ob tained re sults were ex pressed as means ±
stan dard de vi a tion.
RE SULTS AND DIS CUS SION
Ta ble 1. rep re sents the av er age val ues of mea -
sured re sults in lo ca tions of [opi}i, Stepojevac, and
Vreoci, around Lazarevac. It shows the ac tiv ity con -
cen tra tions of in ves ti gated radionuclides, in the sam -
ples of food chain col lected in the vi cin ity of the open
coal mine and the coal pro cess ing in stal la tion, and tab.
2. shows the av er age val ues of the mea sured re sults in
lo ca tions of Konatica and U{}e, around Obrenovac, in
the vi cin ity of  the coal-fired power plants.
40K rep re sents the most dom i nant nat u ral ra dio -
ac tive el e ment. The de tected av er age ac tiv ity con cen -
tra tions of this radionuclide, were high in both the
sam ples of soil (cul ti vated and un cul ti vated) and al -
falfa, while in the sam ples of maize the ac tiv ity con -
cen tra tions were sig nif i cantly lower.
The ac tiv ity con cen tra tions of 238U in the soil
around the open coal mine and the coal pro cess ing in -
stal la tions  (66.4-76.0 Bq/kg) and in the soil around
the coal-fired power sta tions (55.5-61.2 Bq/kg) were
not sig nif i cantly higher from the av er age val ues in
Ser bia [1,10] and from food chain sam ples in Bel grade 
en vi ron ment [11]. Sim i lar re sults were ob tained for
226Ra and 232Th ac tiv ity con cen tra tions in the soil. One 
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Ta ble 1. 40K, 238U, 226Ra, 232Th, and 137Cs ac tiv ity con cen tra tions in th soil, feed stuffs, milk, cheese, eggs, and meat of












Soil cultivated 680 ± 21 66.4 ± 3.2 58.7 ± 4.1 57.0 ± 1.9 33.2 ± 1.3
Soil non-cultivated 660 ± 20 76.0 ± 5.1 69.0 ± 2.6 60.8 ± 1.7 61.9 ± 1.8
Alfalfa 760 ± 10 <5.6 1.1 ± 0.2 <1.2 1.1 ± 0.2
Maize 120 ± 4 <1.2 <1.3 <0.2 <0.1
Cow milk 55 ± 2 <1.2 <1.5 <0.2 <0.1
Goat milk 73 ± 3 <1.2 <1.3 <0.3 1.3 ± 0.1
Cow cheese 40 ± 2 <1.2 <1.5 <0.3 <0.1
Eggs (chicken) 41 ± 2 <1.4 <1.7 <0.3 <0.1
Beef meat 96 ± 3 <1.4 0.7 ± 0.2 <0.3 <0.1
Sheep meat 92 ± 4 <2.5 <1.5 <0.3 <0.1
Pork meat 99 ± 3 <1.3 0.4 ± 0.1 <0.2 <0.1
Chicken meat 73 ± 3 <1.4 0.5 ± 0.1 <0.3 <0.1
of the pos si ble rea sons for these re sults is that the ac -
tiv ity of nat u ral radionuclides, which are dis charged to 
the at mo sphere from the coal-fired power plant, de -
pends on the ef fi ciency of emis sion con trol de vices
and the ef fi ciency of the fil ter ing sys tem [9].
The ac tiv ity con cen tra tions of 137Cs in the soil
sam ples ranged from 25.3-33.2 Bq/kg in cul ti vated, to
42.6-61.9 Bq/kg in un cul ti vated soils. Ac tiv ity is al -
most 2 times higher in non-cul ti vated soils. This re -
sults stand in ac cor dance with the re sults of au thors
[10, 11] who have sug gested that ap ply ing of
agro-tech ni cal pro ce dures (plough ing, ma nur ing) are
mea sures which are un der taken to de crease the con -
cen tra tion of 137Cs in soil.
In the sam ples of feed stuffs, which are mostly
pres ent in diet of an i mals (al falfa, maize) low level ac -
tiv ity of pri mor dial radionuclides was mea sured while
137Cs was on a bor der of the de tec tion range.
In the ex am ined sam ples of an i mal prod ucts
(milk, cheese, meat, and eggs) orig i nated from the re -
gions around the coal mine and the coal-fired power
sta tions, low level of ac tiv ity con cen tra tion of pri mor -
dial radionuclides was iden ti fied and 137Cs was near
the de tec tion limit. The ob tained re sults sug gested that 
the ex am ined an i mal prod ucts are safe for hu man con -
sump tion.
The sig nif i cant in crease in the ac tiv ity con cen -
tra tions of nat u ral ra dio iso topes in the sam ples of  soil
or veg e ta tion has not been found both in the ter ri to ries
sur round ing coal-fired power plants and in the coal
mine, which stands in ac cor dance with UNSCEAR
2000 Re port [7].
CON CLU SIONS
Based on the re sults ob tained in our re search we
can con clude that the nat u ral en vi ron ment around the
ex am ined coal mine (in Lazarevac) and the coal-fired
power sta tions (in Obrenovac) is not sig nif i cantly af -
fected by the emis sion of pri mor dial radionuclides.
The sig nif i cant in crease in the ac tiv ity con cen tra tions
of nat u ral ra dio iso topes in the sam ples of soil, veg e ta -
tion, and an i mal prod ucts was not con firmed. Food of
an i mal or i gin used in hu man con sump tion is safe, i. e.
not con tam i nated by ra di a tion.
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RADIOAKTIVNA  KONTAMINACIJA  LANCA  ISHRANE U
OKOLINI  RUDNIKA  UGQA  I  TERMOELEKTRANA  NA  UGAQ
Ciq ovog istra`ivawa bio je da se ispita uticaj procesa va|ewa i prerade ugqa iz
otvorenog rudnog kopa u Lazarevcu, kao i sagorevawa ugqa tokom proizvodwe elektri~ne energije u 
termoelektranama u Obrenovcu, na prisustvo radionuklida 40K, 238U, 232Th kao i 137Cs u lancu
ishrane qudi koji `ive u okolini ovih postrojewa. Nivo ispitivanih radionuklida meren je
gamaspektrometrijski, u uzorcima zemqi{ta, sto~ne hrane (lucerka, kukuruz), mleka krava i koza,
kravqeg sira, jaja i mesa goveda, ovaca, sviwa i `ivine. Uzorci su uzimani od lokalnog
stanovni{tva i to po tri uzorka na svakom lokalitetu. Na podru~ju Lazarevca, uzorkovawe je
izvr{eno na lokalitetima [opi}i, Stepojevac i Vreoci, a na podru~ju Obrenovca na
lokalitetima Konatica i U{}e. Dobijeni rezulati pokazali su da se nivo aktivnosti  238U u
zemqi{tu, na podru~ju oko rudnika ugqa (Lazarevac) kretao u rasponu 66,4-76,0 Bq/kg, a na podru~ju
oko termoelektrana u Obrenovcu 55,5-61,2 Bq/kg. Ove, kao i vrednosti dobijene za ostale
radionuklide, nisu bile zna~ajno vi{e od prose~nih vrednosti za Srbiju. U uzorcima sto~ne hrane
i animalnih proizvoda, nivo aktivnosti, ispitivanih radionuklida bio je veoma nizak i ~esto na
granici detekcije.  Na osnovu svega, mo`e se zakqu~iti da rudnik ugqa, postrojewa za preradu ugqa
kao i termoelektrane, nemaju zna~ajnog uticaja na pove}awa nivoa aktivnosti primordijalnih
radionuklida u `ivotnoj sredini Lazarevca i Obrenovca.
Kqu~ne re~i: lanac ishrane, radioaktivnost, rudnik ugqa, termoelektrana
